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LEFT AXIS DEVIATION* 


Left axis deviation is one of the commonest ab- 
normalities in clinical electrocardiography. In the 
past, it usually has been considered to be a varia- 
tion of the normal electrocardiogram, due to a 
horizontal anatomical position of the heart, or 
sometimes to left ventricular hypertrophy. A re- 
cent electrocardiographic-pathological correlation 
study, however, has shown that left axis deviation 
in most cases results from an abnormality in QRS 
sequences in the heart,’ and in consequence it has 


*From the Clinic of General Medicine and Experi- 
mental Therapeutics, National Heart Institute, National 
Institutes of Health, Bethesda, Maryland. 
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come to have an important new clinical meaning. 

First, it is necessary to have a precise defini- 
tion. The shaded area of the triaxial reference 
figure’ in Figure 1 indicates the normal range of 
variation in the direction of the electrical axis 
of the heart (which in vector terminology is 
called the mean QRS vector). Deviations to the 
right of more than plus 90 degrees on the tri- 
axial figure are called right axis deviation, and 
deviations to the left beyond minus 30 degrees, 
left axis deviation. The wide range of normal 
variations in the direction of the electrical axis is 
attributable to variations in age and body build. 
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, Figure 1. Directions of mean electrical axis. Shaded area represents normal range; tracing (A) and vector (A), left 
axis deviation; tracing (B) and vector (B), horizontal axis. niversij Y O) wWonsas 


437 Medical Center 


No. 2 
| 

) 
} 
} 
| 
A 
il 
\ 4 
= 

| 


The difference between left axis deviation, as 
defined here, and a horizontal electrical axis is 
slight, but it is important because the conditions 
to be discussed below produce left axis deviation 
of the degree defined and not simply a horizontal 
axis. The easiest and most accurate method for 
differentiating left axis deviation from a_hori- 
zontal axis direction is the vector method. The 
difference is illustrated in Figure 1, with tracing 
(A) and vector (A) showing left axis deviation, 
and (B) a horizontal axis. From the “pattern” 
point of view, the axis must be sufficiently left- 
ward to produce a principally negative QRS 
complex on Lead II before it is truly an example 
of left axis deviation of the abnormal type we are 
concerned with here. 

Left axis deviation of this degree without QRS 
prolongation is nearly always a manifestation of 
some form of underlying left ventricular disease 
and there is considerable evidence, both experi- 
mental and clinical,!* that a ventricular conduc- 
tion defect is responsible. In the past it was 
thought that ventricular conduction defects were 


always characterized by prolongation of the QRS 
interval. It is now known, however, that this is 
not necessarily the case. If there is a block at one 
point in the conduction system of a ventricle, but 
excitation can travel to the blocked region by some 
alternative pathway in the conduction network, 
there will be no QRS interval prolongation. 
Only when there is no alternative pathway in the 
conduction system is the QRS interval prolonged, 
for now excitation must travel by the much slower 
mechanism of intramyocardial fiber-to-fiber 
spread. Bundle branch block is the classical ex- 
ample of this latter type of block. When the block 
is distal to either main bundle, QRS forces may 
be greatly changed in direction but there may be 
no prolongation of the QRS interval. This is be- 
lieved to take place in left axis deviation, and an 
understanding of the conduction system in the 
left ventricle will make this clearer. 

In Figure 2 is shown the ventricular heart, 
viewed from the front, with the free wall of the 
right ventricle removed along its line of attach- 
ment to the left ventricle. Note that the left ven- 


Figure 2. Schema of the ventricular conduction system viewed frontally. Only the ventricular heart is shown, with the 


free wall of the right ventricle removed. 
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tricle lies more or less horizontally in the chest, 
with its lateral walls primarily facing superiorly 
and inferiorly. The common bundle bifurcates 
into a right and left bundle branch at the lip of 
the interventricular septum. The left main bundle 
divides nearly immediately into two groups of 
fibers: one an anterior division which passes su- 
periorly, and the other a posterior division which 
extends to the diaphragmatic region of the ven- 
tricle. The two divisions freely anastomose pe- 
ripherally in the subendocardial layers of the ven- 
tricle. Normally, excitation travels simultaneously 
along both divisions. If a lesion should involve a 
large number of fibers of one division, the direc- 
tion of spread of excitation would be changed; 
however, there would be little or no QRS inter- 
val prolongation. For example, if the lesion in- 
volved fibers of the anterior division, the direc- 
tion of spread of excitation would be upward 
from the diaphragmatic region of the left ven- 
tricle; the QRS forces would point superiorly 
and leftward, and left axis deviation would be 
the result. Conduction defects of this type, due to 
lesions distal to the branches of the left main 
bundle and unassociated with QRS prolongation, 
are called parietal blocks. It is believed that in 
the vast majority of cases of marked left axis de- 
viation, a left ventricular parietal block is respon- 
sible, resulting from a disturbance of conduction 
in the fibers of the anterior division of the left 
bundle. 


From the clinical point of view, there are two 
principal types of left axis deviation, and in both 
parietal block appears to be its mechanism. The 
first is due to a scattered, patchy fibrosis in the 
left ventricle, which by involving peripheral fibers 
of the anterior division of the left bundle pro- 
duces uncomplicated left axis deviation. The sec- 
ond is due to a large focal lesion in the subendo- 
cardium of the superiorly facing wall of the left 
ventricle. In this case there is not only involve- 
ment of fibers of the anterior division of the left 
bundle producing left axis deviation, but also de- 
formity of the initial forces of the QRS interval, 
producing abnormalities in the first part of the 
QRS complex in the various leads. Usually, myo- 
cardial infarction is responsible for this type- of 
left axis deviation, and the combination of termi- 
nal QRS force abnormalities with initial QRS 
deformity (Q waves) is so characteristic of in- 
—" that the condition is called peri-infarction 

lock. 


The commonest cause of the uncomplicated 
type of left axis deviation is chronic coronary 
artery disease. Such left axis deviation is fre- 
quently seen in elderly patients who are free from 
symptoms; it occurs in from 10 to 20 per cent of 
“normal” subjects over 60 years of age. At post- 
mortem examination, scattered patches of fibrosis 
are found throughout the left ventricle. It is rarely 
seen in normal subjects under 45 years of age 
and when present should lead to the most careful 
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search for evidence of coronary artery disease or 
some other left ventricular disorder, because any 
process which diffusely affects the left ventricle 
may produce this type of left axis deviation— 
myocarditis, amyloidosis, etc. 

Another common cause of uncomplicated left 
axis deviation due to parietal block, is left ven- 
tricular hypertrophy. The hypertrophy itself is 
not responsible for the axis deviation, for even 
the most marked left ventricular hypertrophy is 
accompanied by normal axis directions in the 
majority of cases. This change is believed due to 
fibrosis of the free wall of the left ventricle that 
so frequently accompanies marked hypertrophy, 
and therefore ‘is essentially the same mechanism 
as in the patients with chronic coronary artery 
disease. The left axis deviation of hypertrophy 
can be easily differentiated from that of chronic 
arteriosclerotic or other types of left ventricular 
disease, because the QRS complexes are greatly 
increased in amplitude in all leads in the pres- 
ence of left ventricular hypertrophy. 

The importance of peri-infarction block as a 
cause of left axis deviation is emphasized by the 
fact that in a series of 130 cases, more than one 
third had infarction at postmortem examination. 
The mechanism of left axis deviation in these 
cases has already been alluded to and is illustrated 
in Figure 3. Normally, during the first .04 second 
of the QRS interval, electrical forces are generated 
from the subendocardial layers of the left ven- 
tricle, as shown by solid arrows in (A). With in- 
farction in the anterolateral wall, there is electrical 
death of the infarcted region of the subendocar- 
dial layer (shaded area) and no subendocardial 
electrical forces are generated from this region. 
As a consequence, the resultant electrical force 
generated during the first .04 second of the QRS 
interval is changed in a direction tending to point 
away from the location of the infarct, and it is 
this change in direction of early QRS force which 
produces the Q waves in leads I, Vy, and in certain 
precordial leads diagnostic of this location of the 
infarct. But the infarct also disturbs conduction 
in the anterior division of the left bundle; as a 
result, the QRS forces generated during the 
second .04 second of the QRS interval point left- 
ward and superiorly, as shown by shaded arrows 
in (A), producing left axis deviation of the 
terminal part of the QRS complex. The directions 
of the resultant initial and terminal QRS forces 
in anterolateral peri-infarction block are shown 
plotted on the triaxial reference figure in (B), 
and the deflections they would write on the three 
limb leads are shown on the right, in (C). 

The hallmark of peri-infarction block, whether 
anterolateral or of some other type, is the wide 
angle between the mean vector for the first .04 
second and that for the last .04 second of the QRS 
interval. Normally this angle is less than 45 de- 
grees, and whenever it exceeds 100 degrees in a 
tracing with left axis deviation it is, with rare 
exceptions, diagnostic of anterolateral peri-infarc- 
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Figure 3. Schema of the mechanism of initial and terminal QRS vector deformity in anterolateral peri-infarction block. 


tion block. From a pattern point of view, this 
means that whenever in the presence of marked 
left axis deviation there is a Q wave of .03 —.04 
seconds in lead V;, or an initial R wave of more 
than .04 second in Lead III, this indicates an- 
terolateral peri-infarction block. 

From 60 to 80 per cent of cases of antero- 
lateral infarction are associated with peri-infarc- 
tion block and show left axis deviation of the 
terminal QRS forces. However. occasionally left 
axis deviation of the terminal forces is seen with 
other locations of infarction. Sometimes this is 
due to the presence of two infarctions: the Q 
waves due to one infarct and the left axis devia- 
tion to an anterolateral infarction. On the other 
hand, the left axis deviation may be simply the 
parietal block of arteriosclerotic heart disease, 
with the Q waves caused by a superimposed in- 
farction in some other region. Quite commonly, 
in peri-infarction block the QRS interval becomes 
prolonged to .12 seconds or more. When this hap- 
pens in anterolateral peri-infarction block, the 
QRS complexes resemble those of left bundle 
branch block. However, only the terminal part of 
the QRS complexes is prolonged in the cases of 
peri-infarction block, and the initial deformities 
of the QRS complexes (the Q waves) are un- 
changed. If. in a tracing with QRS prolongation 
and marked left axis deviation, there is a Q wave 


of .04 second in Vj, or an initial R wave of over 
.04 second in Lead III, this pattern indicates 
anterolateral peri-infarction block with prolonga- 
tion. Such Q waves are not seen in left bundle 
branch block whether infarction is, or is not, 
present.t This accounts for perhaps one fourth of 
all cases of QRS prolongation. The prolongation 
often appears months after the subsidence of the 
acute infarction, probably due to fibrosis and 
scarring in the region of the infarct, and does not 
necessarily indicate extension or recurrence of 
infarction. 


Rosert P. Grant, M.D. 
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